The assignment of the peaks in the INS spectra is based on standard tables in reference [S1] , literature report on related materials [S2] , as well as density functional theory (DFT)
calculations. In the following we provide additional details on the calculations we performed to confirm the peak assignment. The actual materials being studied in this work have complicated structures, making a direct DFT simulation impractical. Instead, a few model molecules containing the key groups of interest were simulated. The vibrational frequencies of the corresponding modes were analyzed, and confirmed to be consistent with the peak assignment.
The calculations were performed using CASTEP [S3] on five model molecules, butadiene, isoprene, coronene, ovalene, benzenesulfonic acid. Since CASTEP is a plane-wave DFT code using periodic boundary conditions, a single molecule of each model was place in a large unit cell to avoid intermolecular interaction with its image (the nearest distance between the molecule and its image is greater than 1.5nm). The molecular structure was first relaxed to minimize the forces on the atoms, and the vibrational frequencies/modes were then calculated using finite displacement method. Ultrasoft pseudopotentials and Perdew-Burke-Ernzerhof (PBE) exchange-correlation functional were employed for the calculations.
Some representative modes and frequencies that are relevant to our peak assignment in the INS spectra are shown in the following figures. 
